1. Introduction. A wide class of population growth models is described by the logistic equation
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where r and K are positive parameters; r is the intrinsic growth rate whose density is denoted by y(t) in (1.1) and K denotes the carrying capacity. Elementary analysis of (1.1) indicates that solutions of (1.1) are monotonic functions of t with lim<^ooy(0 = K if y(0) > 0. It has been observed that it is difficult to fit observed data to a logistic curve and one of the problems noted by Smith [ 13] is due to the fact that (1.1) has not adequately taken into account the time delays in the growth rate response to changes in the densities of the population. Temporal oscillations have been observed in the densities of populations even in controlled environments and such oscillations have been ascribed to time delays in growth rate responses (Nicholson [11, 12] , Caperon [1] , Maynard Smith [10] ). Since solutions of (1.1) do not show some of the experimentally observed oscillations of laboratory populations, (1.1) has been modified to the delay logistic equation, namely M,)=ry(»( 1-^) (1.2) dt 'WV K by Hutchinson [6] . The time delay x (assumed to be a positive parameter) in (1.2) can cause oscillations in solutions of (1.2) about the positive equilibrium K and there have been numerous investigations of the qualitative behavior of (1.2) and several of its generalizations; for example, see Jones [7] , Kakutani and Markus [8] , and Wright [15] .
In an attempt to introduce several environmental negative feedback effects, (1.2) has been modified and generalized to the form m m=rvU) dt (1) (2) (3) in which a. and x. are nonnegative numbers, j = 1,2, , m. For a recent contribution to the study of (1.3), we refer to the papers of Gopalsamy [2] , Gyori and Ladas [4] , and Lenhart and Travis [9] . It is not known whether several environmental intraspecific negative feedback effects act additively as in (1.3) or multiplicatively as in dy(t) dt = ry(t) 1-n -V" ■ <L4>
In [3] , Gopalsamy and Lalli derived sufficient conditions for all positive solutions of (1.4) to oscillate about K and for a global attractivity of the positive equilibrium of (1.4). The authors have been motivated to consider the multiplicative delay logistic equation (,5, which is of some mathematical interest as a generalization of (1.2) and (1.4). The functions r(t) and gAt) are assumed to be locally bounded and locally integrable for t > t0 > 0, and j = 1,2, ... , m. Because of the weaker conditions on the argument gj(t), j -1, 2, ... , m, equations of type (1.5) with piecewise continuous arguments, namely
where k-and r are positive constants, j -1, 2, ... , m, are considered as a special case of Eq. (1.5) and consequently, the oscillatory behavior of all positive solutions of Eq. (1.6) about K follows from the corresponding results for Eq. (1.5).
For recent contributions to the study of the oscillatory behavior of differential equations with piecewise continuous arguments, we refer to the paper of Cooke and Weiner [14] and Gyori and Ladas [4] , and the references cited therein.
We also mention that the delay t -gj(t), j = 1,2, , m is not assumed to be bounded and hence our results include the unbounded time delay too. Of particular interest, the results to be presented are applicable to equations of the form ® = (1.7)
where y] is a constant and 0 < )> ■ < 1, j = 1,2,, m. The purpose of this paper is to establish necessary and sufficient conditions for the oscillation of all positive solutions of Eqs. (1.4)-(1.6) about K via comparison with first-order delay equations of the type m z(t) + r(t)^z(gj(t)) = 0 (1.8)
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where the functions r and gj, j = 1, 2, ... , m are assumed as in the equations considered.
2. Some lemmas. In this section, we establish some lemmas that will be used in the proof of the main results.
Consider the delay differential inequality It is easy to see from (2.3) and (2.4) that 0 < fi0(t) < px{t) < ■■ ■ < pk{t) < Pk+l{t) < a(t), t>t0.
The pointwise limit of the sequence {pk{t)} as k -* oo exists and if we let
then by the Lebesgue Dominated Convergence Theorem, we conclude that the function p(t) is locally integrable and / pk(s)ds^> / fi(s)ds as k->oo.
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Now, it is easy to check that the positive function defined by Choose 8 so that 0 < 8 < ^ . Thus, the minimum of the left-hand side of (2.9) is c and the maximum of the right-hand side of (2.9) is less than |, a contradiction. This completes the proof. Once again, we apply Lemma 2.1 and obtain the desired contradiction. This completes the proof.
The following theorem provides necessary conditions for the oscillation of all solutions of Eq. (1.5) about K . Proceeding as in the proof of Lemma 2.1, one can easily check that the limit functions of the sequences and {>^(0}, say a(t) and y(t), respectively, satisfy the equation 4. Some general comments. It is worthwhile to mention that there are a number of oscillation results related to linear delay equations with continuous and with piecewise continuous arguments (see, e.g., [4, 5] ). Hence, by applying our linearized oscillation results one can easily establish sufficient and necessary conditions for the positive solutions of Eq. It is clear that if the intrinsic growth rate r(t) is constant and the delay terms ffj(t) and kj(n) are large enough then (4.1) and (4.2), respectively, are satisfied and hence the positive solutions of (1.5) oscillate about K. One can interpret this in such a way that the long memory causes oscillation in the population growth.
